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佳的介电、压电和铁电性能，其在 1kHz下的电容率 ε和介电损耗 tanδ分别为 2612
和 0.020，压电常数 d33 为 310pC/N，剩余极化强度 Pr 和矫顽电场 Ec 分别为
26.6µC/cm2 和 7.84kV/cm。 
利用水热法成功合成铌酸钾钠无铅压电陶瓷粉末，系统地的研究起始碱溶液
浓度、反应时间、Nb2O5 加入量对于合成产物的影响。实验结果表明，当水热反
应温度为 180℃、反应时间为 16h、KOH/NaOH 起始浓度比例为 7.4/2.6、碱总浓
度 6mol/L、 Nb2O5 加入量为 1g 和 1.5g(50mL)时，能生成单一钙钛矿相的铌酸钾
钠粉体。 
水热法制备的 KNN 陶瓷前驱体经过常规法烧结（1120℃×6h）后，具有最
佳的介电、铁电和压电性能。纯 KNN 其在 1kHz 下的电容率和介电损耗分别为
1012 和 0.040，剩余极化强度 Pr和矫顽电场 Ec 分别为 20.1µC/cm
2 和 8.84kV/cm，
压电常数 d33 为 150pC/N。掺杂后的 KNN 其在 1kHz 下的电容率和介电损耗分别
为 2712 和 0.020，剩余极化强度 Pr和矫顽电场 Ec分别为 27.1µC/cm
2 和 7kV/cm，
压电常数 d33 为 350pC/N。 



































Piezoelectric ceramics, one kind of important functional materials, are widely 
used in our daily life and production. The research of niobatelead-free piezoelectric 
ceramics becomes very important. In this paper, ceramic (K,Na)NbO3, i.e., KNN, was 
selected as a modellead-free piezoelectric ceramics to investigate the influence of 
doping ions and sintering process variables on piezoelectric properties.The 
samplepowders which dope with Li, Sb, Ta are prepared by solid state method and 
hydrothermal method. After that, the ceramics are sintered by traditional sintering and 
two-step sintering. 
The powders of (Na0.5K0.45Li0.05)(Nb0.9Ta0.08Sb0.02)O3, 
(Na0.5K0.45Li0.05)(Nb0.9Ta0.05Sb0.05)O3 and (Na0.5K0.45Li0.05)(Nb0.9Ta0.02Sb0.08)O3 are 
synthesized by traditional solid state methods, and the ceramics are sintered by 
traditional sintering and two-step sintering. The results indicated that two-step 
sintering helped to improve the structure and properties of KNN. 
(Na0.5K0.45Li0.05)(Nb0.9Ta0.08Sb0.02)O3 shows the best properties: relative density 
Rd=97.1%, dielectric constant r=2612 at 1KHz, dielectric loss tg=0.020 at 1KHz, 
piezoelectric constant d33=310pC/N, remnant polarization Pr=26.6C/cm
2, coercive 
fieldEc=7.84kV/cm, which sintered by two-step method (1120oC×10min＋920oC×
60h). 
KNN lead-free piezoelectric ceramic powders are successfully prepared by 
hydrothermal synthesize. The influences of starting alkali solution concentration, 
reaction time and Nb2O5 addition to final product were discussed systematically. The 
results showed that single phased perovskite KNN were obtained through heated the 
water hot axefor 16 hours at 180 oC. The initial ratio of KOH/NaOH is 7.4/2.6 with 
6mol/L total concentration of base and the amount of Nb2O5 additives is 1g/50ml. 
KNN ceramics which used hydrothermal prepared powder showed best properties by 
sintering at 1120oC for 6 hours. The pure KNN ceramics showed that dielectric 
constant, dielectric loss, remnant polarization, coercive field, piezoelectric constant 
are 1012 at 1 KHz, 0.040 at 1 KHz,20.1C/cm2, 8.84kV/cm, 150pC/N, respectively. 
The doped sample gives the better properties, r=2712 at 1 KHz, tg=0.020 at 1 KHz, 
d33=350pC/N, Pr=27.1C/cm
2, Ec=7kV/cm. 
KNN-Ni magneto electric composites are prepared by using KNN ceramics and 
Ni as piezoelectric phase and magnetoelectricity phase. The ferroelectric and 
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